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Abstract Tim plant hormone imloleacetic acid (IAA or attxin) 
transcriptionally activates a select set of early genes. The Auxl 
IAA class of early auxin-reslmnslve genes encodes a Iarge fianily 
of  short-lived, nuclear proteins. AuxlIAA polypeptides homo- 
:rod Iteterodimerize, and interact with auxin-response transcrip- 
tion fitetors (ARFs) via C-terminal regions conserved in both 
iwotein htmilies. This shared region contains a predicted ~otot 
motif similar to the prokaryotic [5-rlbboa DNA bbtding domain, 
wblch mediates both protein dimcrization and DNA recognition. 
Here, we show by circular dichroism speetroscopy and by 
ehemleal cross-linking experiments th:tt recombhmnt pep,ides 
corresponding to the predicted I]ot~ region of three Aux/IAA 
proteins from .,h'abidoiJsis thaliaua contain substantial ff.-Ilelieal 
secoadary structure and undergo Itomo- and Iteterotypie interac- 
tions in vitro. Our results indic'.tte a similar biocheadeal function 
of the plant Iota domain and suggest that the I~o~ fold plays an 
important role iu ,nediatiug combhmtorial interactions of Auxl 
IAA and ARF proteins to specifically regulate second:try gene 
expression in response to auXilh 
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I. Introduction 

The plant hormone auxin, typitied by the naturally prewt- 
lent indole-3-acetic acid, is a key reguhttor of  plant growth 
and development [I,2]. Attxin transcriptionally activates a se- 
lect set o f  im,nediatc-c'.trly geacs that are thought to mediate 
the various effects of  auxin in plants [3,4]. Three different 
chtsscs of  auxin-specific, early response genes have been char- 
aeterizcd in wtrious species and are known as the S A U R ,  
GH3, and Au.x'/IAA genes (review in [5]). Functional promoter  
analyses of  men'tbers of  each auxin-specific gellc class have 
revealed conserved AuxREs (review in [6,7]). The use of  
highly active, synthetic AuxgEs  has led to the recent discov- 
ery of  ARF-I  and related transcription fitctors that bind to 
AuxREs conserved in many early auxin-inducible genes, in- 
cluding members of  the A u x l I A A  class [8-10]. 

With the exception of the Au x I IAA  class, however, little is 
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known abt ,it the proteins encoded by early auxin genes and 
about their functions in auxin Itction. As indicated by the 
isolation of at least 20/AA genes in ,,h'abi~h~psL~ thaliana, large 
mtfltigene families encode Aux/IAA proteins in phtnts [11,12]. 
Biochemical, molecuhtr, and genetic studies suggest that Aux/ 
IAA polypeptides phty a central role in auxin signaling and 
phmt development. At tx l lAA genes encode short-lived nuclear 
proteins that homo- and heterodimerize and that share four 
ishmds of  amino acid sequence conservation, designated con- 
served domains I - IV [11-13] (see Fig. IA). Semidomin,'mt 
missense mutations in two Au.vlIAA genes of  A. thaliana, 
1/I/13 and 121/117, alter inwtriant amino acid residues in con- 
served domain II and are responsible for the pleiotropie r o o f  
phological phenotype of .vhj,2 and a.vr3 phtn|s, respectively 
[14,15]. lntragenic suppressor mutations have been identified 
in A.VR3/IAA 17 that largely revert the axr3 phet~otype to wild 
type appearance [15]. Intriguingly, the second-site mutations 
all~zct conserved domains !. I11, and IV of  IAAI7.  suggesting 
that all Ibm" conserved domains are important lbr Aux/IAA 
protein ftmction. 

A conspicuous structttral feature of  A u x l I A A  proteins is 
centered on conserved domain I!I. This region is predicted 
to adopt an amlghipathie [3ocot lbld that is significantly simihtr 
to the ~otot Ibld of  prokaryotic transcriptional repressors such 
as Arc and MetJ [13]. The prokaryotie [3o~ot fold mediates 
both dimerization of  Arc monomers and DNA recognition 
of  operator half-sites by Arc dimers [16]. Based on the pre- 
dicted lie, o` motif, we have proposed that A u x l I A A  proteins 
are transcriptional regttl.'ttors of  secondary gene expression in 
response to auxin [13]. Primary structure elements conserved 
in Aux/IAA and A R F  proteins further suppo'rt this hypoth- 
esis. I,ltereslingly, the C-terminal regions of  most A R F  pro- 
reins cent,tin A u x l l A A - l i k e  conserved domains Ill and IV, 
which compose the C-terminus of  Aux/1AA proteins [9,10]. 
These C-terminal regioas mediate both intra- and interfimfily 
protein-protein interactions of  Aux/IAA and ARF fitmily 
members [9,12]. Therefo.re, the predicted amphipathic I~ot 
Ibld of  conserved domain 111 in A u x l I A A  and A R F  proteins 
likely plays an important role ' in mediating stteh homo- and 
heterotypic interactions. To date, there is no direct biochem- 
ical evidence to indicate that the predicted [~o~ot motif  of  do- 
main 111 is a folded protein domain and that this region me- 
diates dimerization. To probe the secondary structure of  the 
predicted 13c~c~ lbld and to test its proposed involvement in 
protein-protein inter,'tctions, we have expressed and pttrified 
several recombinant pep,ides derived from conserved domain 
Ill of  Aux/IAA proteins. Here, we show by circuhtr dichroism 
,'malysis and by cross-linking studies that the predicted [3txo~ 
lbld of  Aux/IAA proteins is indeed a folded protein domain 
and dimerizes in vitro. 

0014-5793/99/$20.00 © 1999 Federation of European Biochemical Societies. All rights reserved. 
Pll: S 0 0 1 4 - 5 7 9 3 ( 9 9 ) 0 0 8 1 9 - 4  



284 

2.~Materials  and metlmds 

2. I. Ctms/ructhnt o f  plasmids 
Parti~tl eDNA fr:sgmenls encoding the predicted Ikto~ domain or :1. 

thttliamt proteins IAAI (aa 63-122). I AA2 fu:~ 68-122), and I AA3 (aa 
80-133) [11] were generated by PCR and subcloned into pQE phss- 
raids (Qiagen) to produce recombinant peptidcs with C-terminal 
(His)t, tags. The PCR p,'oducts were lig~tled with the Sphllllgll 5'- 
aceeptor fragment of pQE-7, which provides the |rm~slational initia- 
tion codon, m~d with tire BgllllBgll 3'-acceptor fragment or pQE-16, 
which provides the (l-tis)n tag. All subclot~ed eDNA fr:sgments were 
verilied by DNA sequencing. 

2.2. E.xT, res.~'h,lt and pm'i[icathm oJ" ( llis)t,-tttgged flctct l,epthk's 
The recombin'mt I]o~rt peptides were expressed in l~'cherh'hi# col~ 

M I5[pREP4] (Qiagen) at 37"C lbr 4 h by induction with I mM iso- 
propyl ~.t~-thiogalactopyranoside. The bactcriul pellets derived fi'om 
0.5 I cultures were extracted at room temperature For I h by slirn-ing in 
12.5 ml bull'er A (6 M gtmnidinium hydrochloride, 100 mM 
Na.d-IPO4/NaH.,PO.I, t() mM Tris-HCl. pH 8.0). The extracts were 
cleared by centrifugation ~.st 20000×g Ibr 30 rain, lind the SUl~ema- 
rants were ~tpplied to a cohmm cotmfining 1 ml bed volume o1" Ni- 
NTA agarose (QiL~gen) equilibrated in bult"er A. The columns were 
subscquerHly washed with 10 ml each of bttll"er A and bull~:r 11 (8 M 
urea, 100 mM Na.d-IPO.dNaH_'d'O4, 10 mM Tris-HCl, pll 8.0). A 
final w.'ssh with buli'er C (bttti~r IL pH 6.3) was conducted until the 
absorbance o1" the flow-tlu'ough at 280 nm was less titan 0.01. Re- 
combimmt (His)t,-lagged peptides were elttted with buffer D (buffer 13, 
pH 5.9) in I ml aliquots. Each fl'~tction was tested by SDS-PAGE. 
APl~ropri'~te fl'actions were pooled, and the 13~o~ peptides were rena- 
lured by dialyzing overnight against 10 mM I~.~HPO.dKH.,PO4. pH 
8.0. 100 mM KCI, 5 mM EDTA. 

2.3. i'roteht determhutthm 
To determine accurately the concentrations of pel)tkle stock solu- 

tions, protein concentrations were determined by measuring tyrosine 
:lbsorbance in 6 M gtmnidinittm hydrochloride, 20 mM K.d-IPO41 
KH,PO4, pH 6.5 [17]. The following extinction coelllcients were 
used: 7250 M -t cm -I lbr 13ota-I and [~aa-2, which contain tive ty- 
rosine residues each; and 5800 M - a c m  -j  lbr ~]ctct-3. which contains 
lbur tyrosine residues. 

2.4. l'roleht cross-littk#tg and SDS-PA GE 
For protein cross-linking experiments, reactions were carried out at 

25°C in ~s total volume of 50 .tsl containing 50/.Ig/ml Ni-NTA purilied 
(His)¢,-tagged 13oto~ peptides or ribonuclease A, 10 mM Nn.d-lPOj 
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Nal-I_~PO4, pH 8.0, 100 mM NaCI and 0.5 mMBS "a (Pierce). Control 
reactions received no BS 3. Reactions were terminated after 1 rain by 
the addition of 50 lal 2XSDS sample bulrer and boiling lbr 5 rain. 
SDS-PAGE on 17% .'tcryhmlide gels and Coomussie staining of the 
gels were perlbrmed according to [18]. 

2.5. Ch'cnlttr dichroism .V~ec'troscoi,j' 
Circuhn' dichroism (CD) spectroscopy was pcrlbrmcd using :t Jasco 

J-720 speetropol:srimeter. Far-UV CD spectra of renatured. Ni-NTA 
I~urilh:d (His)c,-tagged 13oto~ peptides were recorded at 20"C from 300 
nm to 190 nm in 10 mM K2HPO.I/I(H.d'O4. pH 8.0. 100 mM KCI at 
a peptide concentration of 50 ~g/ml. The observed CD signals were 
converted to the tmrmulized molar ellipticity [19]. and the CD spectra 
were mmlyzed by the method of Greenfield and Fasrnart [20]. 

3. Results 

3.1. Expres.viott and Imri[ication of  recombhumt domaht !!1 
polyl~epthh's 

To probe by biochemical me.'tns the predicted 13ctct lbld of  
A u x l I A A  proteins, we expressed in E. colt three recombinanl  
polypeptides, hereafter termed 13ty.o~-l, []act-2, and ~o~t:t-3, 
which correspond to conserved domain  II1 ot" A. th~tlian¢t pro- 
leins IAAI ,  IAA2, and IAA3, respectively (see Fig. I B). All 
15ao~ peptides were expressed as C-termitml (His)6-tagged fu- 
sion proteins to facilitate their puril ication from bacterial ex- 
tracts. Analysis of  the solubility of  the bacterially expressed 
13owl pcptides intlicatcd that they lbrm inclusion bodies in E. 
colt under wlrious expression condi t ions  tested. Insolubili ty of  
the recombinant  [5o~o~ peptides precluded their purit ication 
under  native condi t ions  and necessitated the use of  dena tur ing  
agents for purification by allinity chromatography.  As shown 
in Fig. 2, sufficiently pure prepant t ions  o1" recombinant ,  demt- 
turcd ~o~- I ,  13oco~-2, and 13o~o~-3 peptides were obtained,  with 
yields of  5-15 mg/I of  culture. The apparent  molecuhtr mass 
observed for []o'.o'.-1 and ~o~o~-2 closely matches the caleuhtted 
vahte oF 8.0 kDa and 7.5 kDa, respectively, whereas the ap- 
parent  molecuhtr mass of  the 13ao~-3 pcptide is slightly hi,ghcr 
(7.6 kDa) titan its expected wthte oF 7.2 kDa (Fig. 2, compare  
hines 4, 6, and 8). Minor  protein bands  o1" an apparent  too- 
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Fig. I. A: Domain structure o1" Aux/IAA proteins. Conserved domains I-IV and the invat'iant basic doublet. KR, are indicated by filled boxes. 
Functionally identified nuclear loct, lization signals (NLS) [23] and the predicted }aa  lbld [13] are underlined. A triangle denotes single point 
mutations in I,,IA3 and 1/IA17, which .'ire responsible for the shjO [14] and axr3 [15] I~hcnotype. respectively. B: Primary structure of the re- 
combinant (His)t,-taggcd peptides derived fi'om conserved domain II1. Amino acid residues encoded by the expression vector are given in paren- 
theses. Predicted secondary structural elements are indicated below the alignment. Conserved llydrophobic residues chm'acteristic o1" the pre- 
dicted umphipathic Ikt0~ lbld are in bold and italics. Dots above the alignment denote iov:lriunt hydrophobic amino acids at conserved 
positions, which are predicted to form the hydrophobie surl,sce of aml~hilmthic helix-2. 
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Fig. 2. Expression and purification of (I-lis)t,-tagged recombinant do- 
main III peplides o1" AuxlIAA proteins. Preparation o1" the bacterial 
extracts, purilication of the (Hisl6-tagged []otv. peptides by Ni-NTA 
allinity clu'omatography under denaturing conditions, and electro- 
phorelic separation of lhe ti'aclions by SDS-PAGE were performed 
as described in Section 2. Purilied protein samples were loaded be- 
fore the renaturation step alld contained 8 M urea. Lane identities: 
low molecular weight markers (hme I); total protein ext='act Ii'om 
host strain, MI5[pREP4], conlaining no expression plasnlid {l:me 
2); total protein extract from induced cells expressing Ilau-I (hme 
3), ~o'.ot-2 (lane 5), or ~o~ot-3 (lane 7); and Ni-NTA purilied re- 
combinant proteins [3ctot-I (l:me 4), J:~otot-2 (l:tqe 6). or [~otot-3 (hme 
8). 

lecular mass of  about 15 kDa were observed lbr denatured (8 
M urea) 13otot-2 and ~o~-3 prcl~arations and correspond to the 
respective dimeric lbrms of  both peptides (see Fig. 2, hme 6 
and lane 8). The allinity-purified, denatured recombinant I~ot 
peptide prel~at'ations were dialyzed against 10 mM potassium 
phosl~h.'lte, pH 8, containing 5 mM EDTA and 100 mM KCI, 
to allow tbr renaturation of  the [~otot peptides. The renaturcd 
~otot peptides arc soluble at a concentration of  up to 2 mg/ml, 
and were used for the experiments described below. 

3.2. Secomktrj,  structure anaIj,.~'is hj , . f i tr-UV CD .s7~ectroscolo, 
The structtu'al properties of  renaturcd, (His)6-tagged [~c~ff. 

peptides were ewduated spectroscopically. Far-UV CD spec- 
tra Ibr recombinant peptides 13~ot-I, ~ctc~-2, mad 13tz~-3 were 
recorded in 10 mM potassium phosphate, pH 8.0, containing 
100 mM KCI, at a protein concentration of  50 Bg/ml (about 
6 laM). As shown in Fig. 3, the CD spectra o f  all recombinant 
I]oto~ peptides revealed features characteristic for or-helical sec- 
ondary structure. The distinctive double minima of  large neg- 
ative clliptieity at 208 nm and 222 ran, and the gcneral shape 
~fl" the curves, indicates that all 13a~ pcptidcs tested are lbldcd 
and have substantial regions of  o.-helical content [20]. We 
estimated the or-helical content according to Grccntield and 
Fasmma [20], which ranges 1"1"o111 approximately 35% lbr []otof 
2 to 48% tbr ~otoc-l. There is no evidence lbr the presence of  
[5-sheet in either peptide. Next, we examined the ability of the 
recombinant ~ezot pcptidcs to tbld reversibly after thermal 
denatur;ltion at 80°C. Upon cooling to room te,nperature, 
all 13oc~. peptides fully renature, which is indicated by the 
production of  CD spectra identical to the ones obtained be- 
fore heat de,mturation (data not shown). Thus, although in- 
soluble in E. eoli and purified under denaturing conditions, 
reversible folding of  the [Sotot peptides suggests that the ob- 
served secondary structure is the authentic lbld o f  expressed 
recombinant domain III pcptidcs. 

3.3. Chemical cross-I#zkhtg studies 
To test our prediction that recombinant 13e~ot peptides di- 

merize in vitro, we carried out a protein cross-linking analysis 
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with the non-cleavable chemical cross linker BS 3, For the 
cross-linking experiment, we used conditions that were iden- 
tical to the spectroscopic CD analysis, that is, renatured, re- 
combimmt ~(xct peptidcs were studied at a eoncetltration of  50 
pg/ml in 10 mM sodium phosphate, pH 8.0, containing 100 
mM NaCl. Ribonuclease A, which is a monomeric protein of  
13 kDa, was chosen as a negative control Ibr chemical cross- 
linking. Tim effect of  BS 3 on 13aot-l, 13ocot-2, ~o~ot-3, and ribo- 
nttclease A is shown in Fig. 4. When BS 3 is present in the 
incubation, multiple cross-linked protein bands appear for 
[~o~t~-I, which is not observed for the control reaction of  
[~oto~-I without BS 3 (compare hme 2 with hme 3). The most 
prominent cross-linked protein species for 13ao~-I corresponds 
to its dimeric form (approximately 16 kDa), whereas minor 
protein bands are consistent with multimers of  higher order 
composition (see hme 3). Interestingly, SDS-PAGE of control 
reactions lbr renatured ~aot-2 and ~ocot-3 without BS 3 already 
revealed the presence o1" multimers, mostly dimers, that arc 
stable under SDS-PAGE conditions (Fig. 4, see lane 4 and 
hme 6). It should be noted that this phenomenon was consis- 
tently observed for ~otot-2 and I]otot-3 peptidcs after renatura- 
tion of  the aflhfity-purified, denatured peptide preparations. 
As mentioned above. SDS-PAGE of denatured (8 M urea) 
[~otot-2 and l]otot-3 peptides indicated formation of  stable 
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Fig. 3. Far-UV circular diclu'oimn spectra of Ni-NTA purified, rena- 
lured (His)~-tagged ~o¢o¢ peptides. The CD spectra were obtained 
for [~ff.-I (A), ~ctct-2 (B), and ~to~-3 (C) as described ill Section 2. 
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Fig. 4. Chemical protein cross-linking of recomblmmt licit peptides 
and riboratclease A. Ni-NTA ptwilled, renutured, (l-lisk,-tagged I]0~(z- 
1 (l'tnes 2 and 3), (I-lis)6-tllg.ged J]txfx-2 (lanes 4 and 5), (His)(,-lagged 
]ill'x-3 (lanes 6 lind 71. lllld ribomlucle~se A (hines 8 l|lld 9) were ill- 
cubated in the absence (hines 2, 4, 6 and 8) or presence (lanes 3. 5, 
7 and 9) of i)S ~ its described in Section 2. After lermination of the 
reactions, the proteins were separated oll a SDS-PAGE ~el. and 
stained with Coomnssie blue. Low molecular weight markers were 
run in lane I. 

dimers (compare lanes 6 and 8 in Fig. 2 with htnes 4 and 6 in 
Fig. 4 I,or i3~(x-2 and ~tx~-3, L'espectivcly). Cross-linking reac- 
tions with BS 3 significantly increased the amount of  oligomer- 
ic J'om'ms of  ~o¢(x-2 and ~(x(x-3, in p,'tt'ticul:w those correspond- 
ing to the respective tett'amers (Fig. 4, eompttre hme 4 with 5, 
and lane 6 with 7). As expected for the negative cross-linking 
co,atrol, ribonuclease A does not form any oligomeric struc- 
tures in tile presence of  I]S 3, which indicates the speciiicity of  
the cross-linking reaction I,or the 13~ peptides (Fig. 4, com- 
pare lilne 8 with 9). 

Recombinant peptides I]aot-I and J](x(x-2 ditl'cr detectably in 
size (see Fig. 2, lanes 4 and 6). Therel,ore, we attempted to test 
by cross-linking analysis if both I~o~ peptides interact in vitro. 
Eqt,al amounts or  I]o~a-! and 1 ~ - 2  were mixed (6 t-tM each) 
and p,'eincubated before the addition of  BS 3. Separation of  
the reaction mixttmre by SDS-PAGE revealed the appearance 
of  three protein b.'tnds in the 15 kDa region (Fig. 5, hme 2). 
The upl)er and the lower band of  the triplet correspond to the 
honlodimer o f  [5~(z-I and I~(x~-2, respectively, whereas the 
additional, central band is interprctcd to represent the cross- 
linked I](x~-l/~ao¢-2 hcterodimer (Fig. 5, compare lane 2 with 
hines 4 and 6). 

4. Discussion 

Emerging genetic and molecular evidence supports the hy- 
pothesis that Aux/IAA proteins play a central role in auxin 
signaling as transcriptional reguhttors of  middle and late gene 
expression [9-15,21,22]. However, our knowledge about the 
structure and the biochenfical functions of  Attxl lAA proteins 
and their conserved domains is still in its inl~mcy. Previous 
studies focttsing on Aux/IAA protein function huve revealed 
that Attxll/lA genes encode short-lived nuclear proteins [13]. 
Functional nuele,'u" localization signals have been identified in 
some Aux/IAA proteins and are part of  conserved domain II 
and domain IV [23]. Domain I is tile core of  a N-terminal, 
leucine-rich region and is proposed to function in protein- 
protein inte,'actions [11]. Domain III contains a predicted 
I ]u~ motif that is similar to tile 13-ribbon DNA recognition 
motif of  prokaryotie repressor proteins of  the Arc l,maily 
[11,13]. Based on structural simihtrities of  both talotifs, we 
have previously proposed that the predicted plant. 13o~ fold 
be involved in dimerization of Aux/IAA'proteins  [13]. Re- 

cently, it has been demonstrated that Aux/IAA proteins 
homo- and hetcrodimerize in vitro and in vivo 1"12]. IVlorcover, 
Aux/IAA proteins interact with members of  the A R F  protein 
Ihmily of  transcription fitctors that contain C-terminal, Aux/ 
IAA-like domains III and IV [9,12]. Using a yeast two-hybrid 
system, deletion analysis of  the PS-IAA4 protein from pea 
revealed that the C-terminus of  PS-IAA4, containing domains 
111 and IV, is necessary and suliicie,lt for dimerization [12]. 
l-lowevc,', due to the instubility of  some or tile tested PS-IAA4 
deletion proteins in yeast, tile in vivo data were inconclusive 
with respect to the role of  the predicted ~uu  I,old of  domain 
I!1 in protein dimerization [12]. 

In this report, we describe a biochemical analysis of  the 
predicted I](xo~ I,old o1" Aux/IAA proteins. We have used CD 
spectroscopy to probe its secondary structure content, and 
chemical cross-linking experiments to test its ability to dimer- 
ize in vitro. To allow for a comparative analysis, we have 
expressed and purilied (l-tis)r,-tagged peptides corresponding 
to domain 111 of  three Arahi<huh~'is proteins, IAAI,  IAA2, 
and IAA3. As previously predicted by several secondary struc- 
tta'e algorithms and by helical wheel analysis, the region cen- 
tered on domain !II is likely to adopt an amphil)athic ~ ( x  
l,old, in particuhtr, the live invariant hydrophobic amino acid 
residues at conserved positions in domain III are consistently 
predicted with high probability to l,old into the anll~hipathie, 
second helix of the I]o~u motif [13]. The CD spectra obtained 
I,Or the recombinant I]0c(x peptides tested indicate signilicmat o~- 
helical structure content of  domain 111 (Fig.. 3). Reversibility 
of  protein folding after thermal denaturation implies that do- 
main 111 o1" Auxl IAA polypeptides folds autotlonaously and 
represents a stable protein lbld. Furthermore, chemical cross- 
linking analysis demonstrates that the ~(x(x peptides form ho- 
modimers ~Ltltl heterodimers in vitro (Figs. 5 and 6). These 
results arc in agreement with our proposition that domain 
111 of  Aux/IAA proteins is stt'ucturally and ft,nctionally re- 
lated to the 13(x~ fold o f  Arc-like, prokaryotic transct'iptional 
repressors. However, two obserwttions suggest tmique proper- 
tics of  the Aux/IAA [](x(x domain. First, unlike Arc-like poly- 
peptides, oligomers of  the 1]~0~ domain of  Aux/IAA proteins 
are tmusually stable, in the absence of  chemical cross-linker, 
homodimers of  renatured I](x(z peptides are consistently de- 
tected by SDS-PAGE, which demonstrates lbrmation of  
dime,'s that are sull]ciently stable to withstand the denaturing 

kDa 1 2 3 4 5 6 

46-  ... 

29- ~ ~- "~ 
20-  ,== 

. ". . . . .  .. 

Fig. 5. Chemictd cross-linking of ~o~o:.-I/~t'z-2 complexes. Equal 
a,nounts of Ni-NTA purilied, renatured. (His)<i-tagged [5~-I and 
(His)c,-tagged I~cx~-2 (2.5 I.tg ench) were mixed (see Section 2) and 
preincub.'ited tit room temperature for 10 rain prior to the control 
(lune 1) mid cross-linking incubation (latle 2). Controls and cross- 
linking ,'e:mctions for time individual peptides, (His)c,-tagged I]~o~-I 
(limes 3 and 4) and (His)6-tagged ~u~.-2 (lanes 5 and 6) were per- 
Ibrmcd as described in Fig. 4. After termiqation of the reactions, 
the proteins were separated on It SDS-PAGE gel, :rod stained with 
Coomassie blue. 
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conditions of  SDS-PAGE (I-"ig. 4). Second. the recombinant 
I]¢t~ peptides tend to aggregate in solution at a protein con- 
centration higher than 20 ].IM (dater not shown). Conversely, 
the dimeric Arc and tetramcrie Mnt proteins do not lbrm 
soluble aggregates at concenlrations ranging from 2 to 200 
I.tM [24]. It may be argued that the addition of  the C-terminal 
(His)~, tag is responsible tb,' the association behavior o1" the 
expressed I~t~ct peptides. However, C-termitmlly (llis)¢,-t,'tggcd 
recombinant Arc rcprcssor protein, which is o f  similar size (64 
amino acids) and predicted secondary structttre as the (Hish,- 
tagged []o~0~ peptides, has virtually identical association prop- 
erties mid CD spectra as wild type Arc protein [25]. Thus, it is 
unlikely that the C-terminal (His)c, tag significantly al]~ets the 
biochemical properties or  the 1]~o~ peptides characterized in 
ou," study. 

It is evident from the crystal structures o1" Are and MctJ 
that the amphipathic helix-2 of  the prok:tryotic 150~o:. fold me- 
diates dimerization [16]. Accordingly, helix-2 o f  the Aux/IAA 
~cto~ domain is likely to mediate oligomerization of  the 9~tx 
fold. Furthermore,  the striking amphilmthic nature o1" helix-2 
o1" A u x l I A A  proteins (Fig. I B), which is less prominetlt Ibr 
helix-2 of  Arc-like proteins (see [13]), likely fucililates Ibrma- 
tion of  stable oligomers of  I]o~o~ pcptidcs in soltttion. An im- 
portant role of  helix-2 in Aux/IAA protein dimerization is 
also suggested by the truncated ~0~o', domain Ibund in 
IAA25. Although domain !11 of  IAA25 htcks the predicted 
[~-sheet mot i f  and a sttbstuntial region of  helix-I, IAA25 still 
interacts with I A A I  in vivo, presumnbly via the t'emainitlg 
helix-2 [12]. This observation and our experimental duta sug- 
gest that domaitl  I!1 phtys a critical role in homo- and heter- 
odimerizations of  Aux/IAA and A R F  proteins, which are 
proposed to govern dill'crenliul expression patterns of  second- 
ary genes in response to auxin. Biochemical and biophysical 
studies of  mutant variants that contain single amino acid sub- 
stitutions in domain 111 will allow for evaluating the contri- 
bution of  individual residues to protein-I)rotein interactions 
and to the function of  the []a~ domain in Aux/IAA and 
A R F  proleins. 
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